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1.2 A MILLIMETER WAVE FABRY-PEROT MASER
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So far a major limitation to the development of milli-
meter, and sub-millimeter wavelength beam masers!, has
been thelack of a suitable high Q resonant structure of ade-
quate dimensions for these wavelengths. This is necessary
so that a sufficient number of state-selected molecules can
be injected into the resonant structure, for the weak mo-
lecular stimulated power emission to exceed losses, and
give maser oscillation or detectable amplification. Recent
developments in Fabry-Perot interferometers, or resona-
tors for millimeter research, appear very significant for
such maser applications, and indicate the possibility of op-
erating such devices at shorter wavelengths, utilizing rota-
tional transitions in molecules such as HCN, and NH,.

Suitable interferometer designs have been described > 3,
and Fig. 1 shows the sharp fringes obtained at A=6.3 mm.
Basically the resonator consists of two parallel metalplates
with an array of suitably spaced coupling holes over the en-
tire plate area. This utilizes the full radiating apertures of
the reflectors, and reduces the effects of diffraction, such
as leakage of energy from between the plates. Neglecting
such effects the unloaded Q of such a resonator is given by:

Q, = (2zd) /[N - R, 1)

where d is the spacingbetweenthe plates, and R is the power
reflection coefficient of the metal, ThusQ, varies as X" # for
a given plate separation, in contrast to conventional micro-
wave cavities. Measurements at A=6.3 mm show that Q
values in excess of 50,000 are possible®, and indicate that
diffraction effects can be kept small, particularly for small
plate separations.

Figure 2 shows the transmissiontype millimeter wave
maser with the molecular guns and focussers injecting mo-
lecules between the metal plates of the resonator. This al-
lows considerable flexibility, and a number of such molecu-
lar injectors can be used. The equivalent circuit of the
interferometer section is shown in Fig. 3. Values of the
susceptances may be deduced® ®, and hence thedegree of
coupling determined. Thus if Z , = R, + jX, istheintrinsic
impedance of the metal, and Z = R + jX represents the im-
pedance transformed into the resonator, then

Q.. /Q = 2R /R, (2)

and values of insertion loss and loaded Q values may be de-
termined. Since the reflector plates must be quite flat, the
use of thin perforated films on optical flats appears desirable.

Conventional gaseous masers employ static electricfield
state selectors!to produce inhomogenous electric fields,
which exert different dipole forces on molecules in different
energy states. Theforce onthe molecules may be written as

F=-vv =- 2L-VE = &_VE, 3)

where V is the potential energy of the molecules inthe static
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electricfield of magnitude E, and u ., is the effective dipole
moment of the molecule in a given state. Usually dE/dr is
positive, and molecules having u., negative are focused
towards the axis of the state selector. Thevalueof u ., also
depends on the magnitude of the electric field in general.
A plot of .y/x versus P = uE871,/h%, is shown in Fig. 4.
Here I isthe momentof inertia of the linear type molecule
and h is Planck's constant. It follows that for linear and
symmetrictop molecules, the potential on the state selector
electrodes must be set to specific values to focus desired
states. This is quite unlike the situation for ammonia.

Maser oscillations occur when the power given up by
the molecular beam to the resonator exceeds the total power
losses. The threshold of oscillation may then be deduced as

-2
By 4R (4)

32
877 uy

where Vv is the average molecular velocityinthebeam, » , is
the matrix element between states 1 and 2, and N is the
number of molecules per second entering the resonator.
For HCN we have V - 4.85 x 10%cm/sec, A = %.3%8mm,
#2 =3 x10 %gtat. coul. cm? andl - R = 8.3 x 10”", Thus
an HCN maser will have its threshold of oscillation when

Nmin = 1.76 x 1013 mols / sec.

Similarly the minimum number of molecules required for
detectable amplification with a given receiver sensitivity
may be deduced. In general the hyperfine structure of the
transitions must be considered when computing the number
of molecules in a given state available from the source.
Figure 5 shows such hyperfine structure in the HCNJ = 0
-1 transition. Inthese calculations hyper fine structure has
been neglected.
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Figure 3 - Equivalent Circuits for Fabry-Perot
Interferometer.
(a) Holes In A Thick Metal Plate
(b) Holes In A Thin Metallic Film
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Figure 4 - Effective Electric Dipole Moment of A Rotating
Linear Molecule In An Electric Field for States J=1 and
J=0. Hyperfine Interactions are Neglected.
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Figure 5 - u' ¢! N J= 0»1 Transition Hyperfine Structure.



